In the context of bouncing scenario in a four dimensional Friedmann-Lemaître-Robertson-Walker geometry, we address two bouncing cosmological model within f (R, T ) = R+2λT gravity formalism. The exact solution of f (R, T ) gravity field equations is obtained by employing some special kind of scale factors which provides two bouncing scenarios namely matter bounce and super bounce respectively. In addition we have studied the dynamical behavior of equation of state parameter and energy conditions for the models. We found an effective role of coupling parameter λ in obtaining bouncing scenario as compared to the parameters of the bouncing scale factors.
I. INTRODUCTION
It is well known that Einsteins general theory of gravity (GR) [1] is one of the most elegant theory in all of science. The theory revolutionizes the way we think of gravity. We now know that gravity is not some force emanating from objects as Newton first postulated, rather some distortion in the fabric of space-time caused by the distribution of matter. GR essentially states that an accelerated frame of reference is equivalent to a gravitational field, thus is an extension of special theory of relativity [2] which could only work for uniform motion. Some of the observational evidences of GR include distorted images of astrophysical objects caused by gravitational lensing, existence of supermassive black hole (Sagittarius A) at the center of milky way inferred through Doppler imaging of highly elliptical orbits and superfast motions of its nearby stars [3] , recent images of supermassive black hole at the heart of M 87 [4] , gravitational redshift of electromagnetic waves and detection of gravitational waves from the collisions of compact stars by LIGO [5] . Though the theory stood the test of time and has diverse applications in physical cosmology, it cannot explain the biggest problem in physical cosmology, i.e the nature of cosmological constant. The acceleration of the universe at the present epoch cannot be explained without invoking new forms of matter and/or energy [6] . There are two possible routes to tackle this outstanding problem-firstly, we can convince ourselves that we are living in a universe with a scalar field or "cosmological constant (Λ)" which accelerates the universe on largest scales. In second, many candidates for dark energy (DE) have been proposed in the literature such as quintessence, spintessence, tachyons, f-essence, k-essence, phantom, Chaplygin gas [15] .
Despite these convincing models none of these hypothetical candidates have been directly observed nor produced in the terrestrial laboratory. Thus we turn our attention to the next possible course and re-think about our fundamental laws of nature especially gravity and modify it to explain such effects. By modification we mean rearranging the Einstein -Hilbert action which give rise to a plethora of non-Hilbert terms capable of mimicking the late time acceleration of the universe. Some of these modified theories are f (T ) gravity [16] , where T is the torsion scalar, f (R) gravity [17] [18] [19] [20] [21] , where R is the Ricci scalar, f (R, T ) gravity [7] where R is the Ricci scalar, T is the trace of the stress energy-momentum tensor, f (G) gravity [22] where G is the Gauss-Bonnet invariant, etc.
f (R, T ) gravity models are frequently studied in the literature due to its robustness in solving many cosmological as well as astrophysical problems [10] . In f (R, T ) modified gravity the matter Lagrangian L m is varied with respect to the metric which is represented by the presence of a source term. Expression of this source term is obtained as a function of T , hence different choices of T would generate different set of field equations. In this model the covariant divergence of stress energy momentum tensor does not vanish, hence the motion of classical particles does not follow geodesics resulting in an extra acceleration which suffices the late time acceleration of the universe without adopting to DE but the law of energy momentum conservation is sacrificed.
supports big-bang model, it has a number of shortcomings such as flatness problem, horizon problem, entropy problem, transplanckian problem, singularity problem and original structure problem. Alan Guth proposed the theory of inflation in which the universe is believed to have underwent exponential expansion for a very short period of time (10 −30 sec) shortly after the big bang [8] . The inflationary scenario can mimic the observations of CMB due to the flexibility of its parameters [9] . Though the inflationary scenario could be able to address many of the above mentioned problems, the singularity problem still remain unanswered. Thus instead of inflationary models, we focus on alternative scenarios of formation and evolution of the universe, namely the cyclic universe which states that our universe transpired from a prior contracting phase and is destined to undergo an expanding phase without suffering from any singularity, or in other words it undergoes a bouncing phase. Many authors [23] [24] [25] [26] [27] [28] have studied diverse phenomenological features of the bouncing scenario such as a single scalar field matter containing a kinetic and potential term, a contracting universe consisting of radiation, bounce model with dark matter and dark energy, observational bouncing cosmologies with Planck and BICEP2 data and the characteristics of bouncing cosmology as alternative theories to the inflation which are in harmony with observations. Bamba et al., [29] [30] [31] [32] have studied bouncing cosmologies in f (R) gravity, f (T ) gravity and in f (G) gravity and examined the dynamical stability of the solutions. de la Cruz-Dombriz et al. [33] reported bouncing cosmology model in teleparallel gravity. Cai et al. [34] have studied bouncing models in f (T ) gravity. Tripathy et al. have studied some bouncing models in f (R, T ) gravity theory and obtained that, the matter-geometry coupling constant appearing in the modified geometrical action has a substantial affect on the cosmic dynamics near bounce [35] .
II. FIELD EQUATIONS AND SOLUTIONS
For the f (R, T ) gravity formalism, the geometrically modified action with matter is given by
where the integral contains the arbitrary function of Ricci scalar R and trace of stress-energy momentum tensor T , i.e. f (R, T ) gravity. We set 8πG = c = 1; where G and c are Newtonian gravitational constant and speed of light. L m is the matter Lagrangian density related to stress-energy tensor as
By varying the action S given in (1) with respect to metric g ij provides the f (R, T ) field equations [7] 
Here, the notations are F (R, T ) = ∂f (R, T )/∂R and F(R, T ) = ∂f (R, T )/∂T respectively and
In herein model the matter Lagrangian is considered as L m = −p, where p is the pressure. Hence, equation (4) can be written as
The f (R, T ) gravity field equations (3) for the linear choice of f (R, T ) gravity, i.e. f (R, T ) = R + λT with (5) takes the form
Assuming f (T ) = λT , where λ is constant, the above equation can be written as
The spatially homogeneous and flat FLRW metric is given as
where a(t) is known as cosmic scale factor. The energy momentum tensor for perfect fluid matter is taken as in this form
The modified Friedmann equations for a perfect fluid distribution of the form represented by equation (9) can be written as
where dots represented as the derivatives with respect to time t. Using equations (10) and (11) we obtain he energy density ρ, pressure p and EoS parameter ω as
The EoS parameter ω = p/ρ becomes,
The dynamical behavior of the physical parameters like energy density, pressure and EoS parameter depends on the behavior of Huble parameter and the free parameter λ. The EoS parameter reduces to GR for a vanishing λ.
III. BOUNCING MODELS A. Model I
Here we consider scale factor of the form [36] 
where ρ cr is the critical density, and provides a matter bounce scenario in loop quantum cosmology. A > 0 is a dimensionless constant. The corresponding Hubble parameter is expressed as
In this case, the bounce occurs at t = 0, i.e. at t = 0, H = 0. Similarly, when t < 0, H < 0 and when t > 0, H > 0.
Hence at bounce, we have H = 0 andḢ = 2ρcr(2−3ρcrt
2 ) (3ρcrt 2 +2) 2 > 0. It restricts the critical density ρ cr most be greater than zero, i.e. ρ cr > 0. The corresponding deceleration parameter is obtained as
and the singularity occurs at t = 0. The evolutionary behavior of the scale factor, Hubble rate and deceleration parameter against time are presented in the following Figs. 1 -3 . From eqns. (12-14) , we obtain the energy density ρ, pressure p and EoS parameter ω for this model are
On the other hand, in order to get bounce model and the Hubble rate to increase for a bounce to occur, the null energy condition for the matter fields has to become negative. That means the sum of the matter energy density and pressure, ρ + p < 0. But, the energy density must be positive in an accelerating universe. From eqn. (18), we have only one free parameter λ and it has to follow the restriction as 3λ + 1 > 0 and 12ρ 2 cr (3λ + 1)t 2 − 8λρ cr > 0. That means λ sets a range −0.25 < λ < −0.01 for itself to maintain the positivity of energy density. It can be observed from Fig. 4 . Furthermore when λ = 0 it enters to General Relativity case. Also, it is worth to note that the upper range of λ varies as per the time scale changes. Now to achieve ρ + p < 0, p need to be more negative and it become negative for the given range of λ, as shown in the Fig. 5 . For a complete range of λ, −0.25 < λ < −0.01, one can observe the evolution of energy density, pressure, EoS parameter and all energy conditions as presented in the given Figs. 4-6 and 7-9 respectively. In case of EoS parameter, the universe transits from its past ω < −1 to ω > −1 to the later hot big bang phase.
B. Model II
In order to study some other bouncing model, we have considered a scale factor is in the form [33] 
where t s is known as the bouncing time, t 0 is a positive time parameter defines the unit scale factor when t = t s + t 0 , and it presented in the Fig.10 . c is a dimension less parameter and not to be confused with the speed of light in vacuum. This scale factor provides a superbounce scenario as given in the literature [37] [38] [39] and requires similar behavior of H 2 andḢ for it. From eqn. (22), the corresponding Hubble parameter can be expressed as
and the first derivative of it readsḢ In this case, the scale factor is non singular, i.e. at t = t s there is no singularity as shown in the Fig. 10 . The universe contracts for t < t s and expands for t > t s
From eqns. (12-14) , we obtain the values of ρ, p and ω are ρ = 4 c 2 + 6 λ + 12
and
respectively. It is worth to note that the EoS parameter in this model is independent of time and non singular this occurs because H 2 andḢ behave in the same way as functions of time. But, in case of energy density and pressure, singularity occurs at t = t s as given in the Figs. 12-13. In this case, the null energy condition, ρ + p is given as
where the value of λ has same restriction as in eqn. (21), i.e. 2λ + 1 < 0 in order to achieve bouncing scenario. Even though for any positive value of λ > −0.25, the ρ in eqn. (26) is coming positive for this case. But for the uniformity of this work, that means for the positivity of eqn. (18) we need to fix the range of λ as −0.25 < λ < −0.01, which yields validation of null energy condition as given in Fig. 14. However the other energy conditions have similar behavior like model I and presented in Fig. 15 and Fig. 16 respectively. 
Conclusion:
In this work we present two bouncing scenarios in the framework of f (R, T ) gravity where the scale factors assume the form a(t) = A respectively. The first model depicts a matter bounce whereas the second one shows a super-bounce. Both the models suffices the late time cosmic acceleration without invoking exotic matter-energy fields as the presence of an extra term in the action provides an extra acceleration and hence cosmic pressure becomes negative. We obtain the expressions of Hubble parameter, density, pressure, deceleration parameter and study the detailed dynamics of both the models parameterized by their EoS parameter. While the first model experiences a bounce when EoS parameter is in the phantom region (ω < −1), ω is a constant of time for the second model. For the second model the deceleration parameter is also observed to be constant of time. We also show violation of energy conditions for both the models and the role of coupling parameter at the bounce. We found an increase in λ enhances the rate of bounce dynamics while the bounce dynamics is insensitive to the choice of model parameters.
